The importance of social determinants of health (SDOH) -such as affordable housing, stable employment, consistent transportation, healthy food access, and quality schools-is well-established as a key component of chronic disease prevention and health promotion. Increasingly, practitioners within and beyond public health are collaborating to implement such strategies, part of which involves measuring their impacts over time. This study assesses the current state of SDOH measurement across sectors by systematically identifying how many and what kinds of tools exist and whether there is consensus around SDOH categories and indicators selected.
Introduction
There is widespread acknowledgement that community-level social determinants-affordable housing, stable employment, reliable transportation, and access to healthy food-are a crucial component of holistic strategies to promote health, well-being, and longevity while also reducing healthcare costs. (Evans & Stoddart, 1990; Institute of Medicine, 2002; McGinnis & Foege, 1993; McGinnis, Williams-Russo, & Knickman, 2002; Mokdad, Marks, Stroup, & Gerberding, 2004; Kern & Friedman, 2008; Williams, Costa, Odunlami, & Mohammed, 2008) . Place and neighborhoods are increasingly seen as primary drivers of social determinants of health (SDOH) (Arcaya et al., 2016; Braveman, Egerter, & Williams, 2011; Braveman & Gottlieb, 2014; Taylor et al., 2016; Williams et al., 2008) and their outcomes are spatially distributed unevenly across the U.S. (Chetty et al., 2016) . With this growing awareness, practitioners within and beyond public health are coordinating efforts to implement cross-cutting interventions to improve community health and well-being (Jutte, Miller, & Erickson, 2015) .
From this collaborative movement comes a proliferation of SDOH measurement tools for assessment, surveillance, and evaluation of a wide range of interventions, from individual affordable housing projects to community-level healthy eating programs. For example, public health researchers have reviewed national SDOH measurement frameworks (Koo, O'Carroll, Harris, & DeSalvo, 2016) , emerging online measurement tools (Pettit & Howell, 2016) , and SDOH health indicators (Lantz & Pritchard, 2010; Parrish, 2016) . Additionally, the Institute of Medicine convened national experts to develop a common set of health metrics culminating in its 2015 report, "Vital Signs: Core Metrics for Health and Healthcare Progress" (Institute of Medicine, 2015) . Finally, the National Committee on Vital and Health Statistics' (NCVHS) -an advisory group to the U.S. Secretary of Health and Human Services-followed suit with its measurement framework for community health and well-being to promote multi-sector collaboration (NCVHS Population Health Subcommittee 2017). Despite this progress, efforts to measure SDOH remain siloed across sectors. Additionally, no systematic review of SDOH measurement tools both across, and importantly, beyond public health exists. Furthermore, researchers and practitioners across sectors have not determined what the most effective indicators of community health are and how they can be applied in practice (Remington & Booske, 2011, p. 397) . However, researchers continue to contend that a shared understanding of SDOH measurement is crucial in comparing health outcomes across geographic areas, monitoring progress, and ultimately advocating for investment in interventions to most effectively improve community health and well-being (Lantz & Pritchard, 2010; Remington & Booske, 2011; Aguilar-Gaxiola et al., 2014) .
According to the social-ecological model of health, health behaviors like diet and levels of physical activity, among others are not simply the result of individual decisions but rather their interactions with interpersonal, organizational, community, and policy-level factors (Golden & Earp, 2012; Short & Mollborn, 2015; CDC, 2019) . For the purpose of this paper, we analyze measurement tools focused specifically on community-level, place-based SDOH. The Healthy People 2020 national framework provides a starting point for our definition of SDOH, which includes the following five categories and associated sub-categories (Office of Disease Prevention and Promotion 2018):
• Economic stability (subcategories: employment, food insecurity, housing stability, poverty)
• Education (subcategories: early childhood education, enrollment in higher education, high school graduation, language and literacy)
• Health and healthcare (subcategories: access to healthcare, access to primary care, health literacy)
• Neighborhood and built environment (subcategories: access to healthy foods, crime and violence, environmental conditions, housing quality), and
• Social and community context (subcategories: civic participation, discrimination, incarceration, social cohesion).
This study expands upon existing research to provide a systematic summary of SDOH measurement tools and explores whether there is consensus around SDOH categories measured and indicators used. We do this by asking the following research questions: 1) How many SDOH measurement tools exist? 2) What sectors do SDOH measurement tools span? 3) What categories of social determinants do SDOH measurement tools encompass? 4) What specific indicators are included in SDOH measurement tools? 5) How much consensus exists around SDOH categories and indicators?
Methods
We identified SDOH measurement tools for comparison through a comprehensive, iterative review of national frameworks, publicly available validated tools and indices, websites of major national organizations representing the sectors of interest, bibliographies of published papers, and practitioner-focused white papers/gray literature.
Search strategy
Primary data sources included PubMed, EBSCO Host, ProQuest, and the Centers for Disease Control and Prevention (CDC) Sources for Data on Social Determinants of Health. Because many of the most recent measurement tools have not yet been published widely in academic literature, a systematic web search was conducted using internet search engines. Initially the search terms "social determinants of health" and "health equity" were used with one or more of the following keywords: "indicators", "measurement", "metrics", "healthy communities," "community development," "planning," and "public health." The wider web search identified additional keywords such as: "community health needs assessments," "health impact assessments," "community needs index," "economic index," and "opportunity index". Relevant professional websites, reports, and gray literature, and associated bibliographies were also reviewed. Additionally, a volunteer advisory panel of experts spanning community development, finance, philanthropy, public health, and healthcare was recruited to provide guidance on SDOH data and measurement resources at all stages of the data collection process.
Inclusion/exclusion criteria
To determine how many SDOH measurement tools exist (research question 1) we screened measurement resources (e.g., databases and non-profit measurement consulting organizations) for tools that make SDOH data useable such as mapping tools, indices, and/or ranking systems. We reviewed tools that met the following inclusion criteria: 1) explicitly includes "health" and social determinants of health indicators and metrics, 2) incorporates data that can be disaggregated for a geographic area smaller than the state or national level, e.g. by census tract, county, or Metropolitan Statistical Area, and 3) are based on publicly available, validated databases either developed or updated during the past decade. We excluded tools that: 1) incorporated only medically-focused health indicators (e.g. diagnoses, health behaviors, disease rates), 2) are no longer actively used or updated, and/or 3) required payment to access proprietary resources.
Exploring sectors and categorizing SDOH categories and indicators
To identify what sectors the SDOH measurement tools span (research question 2), we scanned and documented any specific mention of user or practitioner type and analyzed keywords to cluster them into larger general categories, taking special note of any mention of "social determinants of health" and/or "health".
To Although demographics were not part of the Healthy People 2020 framework, we felt it was a necessary addition given the growing body of research on the connections between community-level health and demographic characteristics (Gresenz, Rogowski, & Escarce, 2009; Tucker et al., 2018) . Communities and neighborhoods vary dramatically by demographic variables, such as the proportion of races, mean and median age, average household income, rate of homeownership, and educational attainment rates. Because this project's purpose was to examine differences in how determinants of health are measured across tools, we wanted to also understand the extent to which demographics were either included or not included.
To determine what specific indicators were included within individual measurement tools (research question 4), we listed all indicators for each tool and compared across tools to create a master list. This master list served as a checklist for tallying indicators for each measurement tool. In some cases similar indicators were defined differently or varied in their level of specificity (e.g., "race/ethnicity" vs "population by race/ethnicity" vs "detailed race/ethnicity"). If indicators were not an exact text match, we included all variations as distinct indicators. We also consolidated any indicators that were categorically the same but differed in wording (e.g., unemployed" and "unemployment" and "no health insurance" and "uninsured").
Finally, to determine how much consensus exists across SDOH categories and indicators (research question 5), we used our tally of SDOH categories and indicators to explore patterns across tools and sectors.
Results

Number of SDOH measurement tools (RQ1)
To answer research question 1 ("how many SDOH measurement tools exist ?") the search described above yielded 65 resources as possible SDOH measurement tools. Of those, 7 were identified through literature review, 33 through an extensive web search, and 25 through consultation with the volunteer panel of experts.
After screening the initial measurement resources list, 47 did not meet inclusion criteria and were eliminated. Most of these excluded resources were databases rather than measurement tools or were developed by proprietary sources. For example, the SocioNeeds Indices were developed and customized for a number of individual healthcare systems by private firm Conduent Healthy Communities Institute (See Appendix A for a full list of excluded resources). Through this process, 18 (28%) of the 65 screened measurement resources met our inclusion criteria as SDOH measurement tools and were analyzed accordingly. Nearly two-thirds (61%) of the tools were developed in the last five years.
Sectors spanning measurement tools (RQ2)
To answer research question 2 ("what sectors do SDOH measurement tools span?"), we scanned websites hosting the 18 tools that met our research criteria for any information about their intended users and sectors. We found that SDOH measurement tools were developed by and for a broad range of organizations including government, philanthropic organizations, non-profit banks, public health non-profits, academic research institutes, and others. We determined that SDOH measurement tools span three broad categories [See Table 1]: • Health: Tools created for the purposes of surveillance and needs assessment primarily by public health departments and research entities. Two of these tools were created with non-profit hospitals in mind given their requirement to conduct community health needs assessments every three years to maintain tax-exempt status (Association of State and Territorial Health Organizations, 2019).
• Built environment: Tools created largely for the purposes of neighborhood-level needs assessment and evaluation spanning urban planning, community development, economic development, and public policy.
• Cross-sectoral: Tools intentionally spanning the above categories typically combining both health and built environment data for the purposes of needs assessment, surveillance, and/or evaluation.
Overall, nearly half of the tools (44%, n = 8) were cross-sectoral. A case in point is the Child Opportunity Index, which fosters collaboration between health policymakers and community development organizations (Acevedo-Garcia et al., 2014) . One third of the tools (33%, n = 6) focused on built environment sectors (e.g., community development, housing, economic development, transportation, government, planning). These built environment-related tools typically included placebased indicators (e.g., housing stability) rather than medically-focused indicators (e.g., obesity). Finally, less than a quarter of tools (22%, n = 4) primarily focused on health. These tools were intended for community health needs assessments or included primarily medicallyfocused indicators such as health behaviors and clinical outcomes.
Social determinants categories included in SDOH measurement tools (RQ3)
To answer research question 3 ("what categories of social determinants do SDOH measurement tools encompass?"), we compared each SDOH measurement tool's categories against the 12 adapted Healthy People 2020 SDOH categories noted earlier. Table 2 summarizes the presence of the 12 SDOH categories within each of the 18 tools (horizontal rows) and across the 18 tools (vertical columns). SDOH categories included within each tool are highlighted in dark gray. The total number and percentages of tools including each individual SDOH category (bottom row) and the total number and percentages of the 12 SDOH categories within each tool (far right column) are highlighted in light gray.
Our analysis revealed that less than a quarter of the 18 tools (n = 4, Table 2 ). The least likely SDOH categories to be present in tools included: social and community context (n = 7, 39%), transportation/infrastructure (n = 6, 33%), food environment (n = 5, n = 28%), and safety (n = 4, 22%). Health tools encompassed the fewest number of 12 SDOH categories (a mean of 7.5 categories) compared to cross-sectoral and built environment tools, with a mean of 9.4 and 9.5 categories, respectively. Over 60% of the cross-sectoral tools included 10 or more SDOH categories, compared to 50% of built environment tools and 25% of the health tools.
Indicators included in SDOH measurement tools (RQ4)
To answer research question 4 ("what specific indicators are included in SDOH measurement tools?"), we tallied specific SDOH indicators within each tool and determined that there was a total of 676 distinct indicators.
Of these indicators, 75% (n = 509) were used in only a single SDOH measurement tool. Within SDOH categories, the "Health & Healthcare" category had the most unique indicators used only once. Examples include: "long commute driving alone," "feel safe alone at night", "adult persistent sadness," "school proximity to traffic", and "seat belt use." PolicyMap's Health Indicators tool and Data2Go.NYC had the most unique indicators not found in any other tools (n = 193 and 175, respectively). See Appendix B for a sample of unique indicators within each SDOH measurement tool.
Consensus around social determinants categories and indicators across measurement tools (RQ5)
To answer research question 5, ("how much consensus exists around SDOH categories and indicators?"), we analyzed how many and which SDOH categories and indicators were frequently used across all SDOH measurement tools. Overall, there was general consensus regarding the SDOH categories but little consistency of indicators.
The most frequently used SDOH category, Education, was included in all but one SDOH measurement tool (see Table 2 , vertical columns). Economic Stability and Health & Healthcare were included in nearly 90% (n = 16) of the tools. The SDOH categories of Employment, Housing, and Neighborhood & Built Environment also reached a high level of consensus across tools, included in 83% of those examined.
The least consensus existed for the SDOH category of Physical Activity, present in only six (33%) of the SDOH tools examined. The SDOH categories of Social & Community Context and Transportation & Infrastructure were found in only 61% and 66% of the tools, respectively.
In contrast, there was essentially no consensus on the indicators used to measure the broader SDOH categories. Rather, as noted in the previous section, the majority of indicators (75%) appeared only once. Across tools, the widest variety of indicators (41% of the total) was found in the SDOH categories of Health/Healthcare and Neighborhood/ Built Environment with 182 and 94 different indicators, respectively, for just those two social determinants alone. The least used SDOH category, Physical Activity, also had the fewest number of associated indicators with only four, or 0.6% of the total.
Even the most frequently used single indicator, unemployment, was present in just over 60% (n = 11) of SDOH measurement tools. The indicators of obesity, poverty, and income inequality were the next most common single indicators, each of which were included in only half (n = 9) of all the tools reviewed. Table 3 lists the most commonly used indicators within each sector. Within health and built environment tools, there was modest consensus with a handful of indicators used in half the tools of that type, but very few individual indicators used in more than 50% of the tools. Among the eight cross-sectoral SDOH measurement tools examined, only three indicators -poverty, income inequality, and air quality -were used in half the tools, with no indicator present in more than half.
Discussion
This study systematically identified and explored the growing number of SDOH measurement resources across sectors to better understand the current state of SDOH measurement. While numerous SDOH measurement resources exist, relatively few constitute tools for measuring the SDOH. Additionally, sectors beyond health are now widely engaged in both measuring and addressing SDOH, namely built environment-related sectors such as urban planning and community development. Although the SDOH categories being measured could be readily summarized across tools, there was wide variation in the particular SDOH categories included in each tool. Finally, remarkably little consensus exists for specific indicators used to measure SDOH categories.
The large number of SDOH measurement resources confirms extensive interest in this topic, however it is notable that only a third of those resources met our criteria as SDOH measurement tools. This suggests a need to consolidate the most useful tools so that they are easily accessible across sectors. For example, MeasureUp is a curated online portal of tools hosted by Build Healthy Places Network to measure the health value of place-based, community development initiatives which marks progress on this front (Build Healthy Places Network, 2019) .
Given the focus on measuring health, it is perhaps surprising that a substantial number of the identified tools arose from organizations beyond health. For example, Enterprise Community Partners, a national, non-profit community development financial institution (CDFI), developed a comprehensive online SDOH measurement tool, Opportunity360, which in the past would likely have come from a public health organization. Of note, nearly half of the tools examined were explicitly cross-sectoral and fully half of the tools were created in the past five years, including nearly all categorized as having a built environment focus.
These findings suggest that built environment sectors such as urban planning and community development are now actively thinking about health, its measurement, and the value of improved health and reduced costs as part of their business and strategic planning. It also suggests that traditional health researchers and practitioners should be aware of SDOH measurement tools beyond health. One example is the portfolio of Success Measures' Health Tools. Developed by NeighborWorks America and released in December 2017, the portfolio encompasses 65 tools spanning surveys, interview guides, observation protocols, and templates to collect primary data assessing the health impacts of a variety of place-based initiatives such as grocery store development, affordable housing, and social service programs.
Using an adapted Healthy People 2020 framework, we found that the social determinants within measurement tools could be readily categorized into a relatively succinct 12 groups. However, fewer than one in four of the SDOH measurement tools incorporated all 12 SDOH categories, with Physical Activity and Social & Community Context most likely to be excluded. Notably, one third of the tools were missing over half of the SDOH categories. Additionally, cross-sectoral tools and more recently created tools were found to include the most SDOH categories, suggesting growing recognition of the complexity of SDOH and a need to be comprehensive and cross-sectoral when evaluating them.
Despite a moderate agreement around SDOH categories, there was very little consensus on the indicators used to assess specific SDOH. Rather, nearly 700 distinct indicators were identified with a substantial majority used in only a single tool. While the SDOH category of Education was used by 17 of the 18 SDOH measurement tools, no one indicator or set of indicators dominated. Even the most frequently used indicators -unemployment, income inequality, poverty, and overweight/obese -were used in just over half of SDOH measurement tools. These findings highlight a critically important need to determine which indicators are most effective at measuring the SDOH they are intended to capture.
While complete consensus on indicators across sectors and tools is unlikely -and perhaps not even desirable -a near complete lack of agreement makes it difficult to compare findings. Fortunately, the sheer number of indicators across these tools makes it likely that high quality measures are already in use. As our list of sample unique indicators suggests (Appendix B), future researchers developing measurement tools could find value in looking more widely across sectors to identify novel indicators for use.
A key limitation of this study is that no common catalog exists to guide the search for cross-sectoral measurement tools focused on social determinants. Much of this work has taken place within the last few years, so there has been relatively little peer-reviewed research completed or published. As a result, our survey of tools necessitated reliance on internet searches and input from an expert panel. As a result, risk of missing eligible tools remains.
There were also limitations related to the types of tools identified. First, there were far more cross-sectoral and built environment-related tools identified and analyzed (14 of 18 tools, 78%). This likely influenced findings about the overall patterns of SDOH categories and indicators used across tools (e.g., education as the most common determinant category and unemployment as the most frequently used indicator). Second, a few SDOH measurement tools analyzed incorporated indicators used in other tools, resulting in some double counting of indicators. For example, the Healthy People 2020 Leading Health Indicators are incorporated into County Health Rankings. Despite these limitations, this review provides a starting point for improving understandings of the similarities and differences in prioritizing social determinants of health metrics across sectors. In conclusion, this study confirms that a wide range of SDOH measurement tools exist across sectors to assess community needs, track progress, evaluate impact and/or plan new projects. Our findings also suggest that while a single shared measurement system to meet crosssectoral needs may not be possible or even practical, there is still much to be gained from understanding the most and least frequently used SDOH categories and indicators across sectors. This can serve as a starting point for conversations about consensus building either as part of efforts to align or share measurement strategies, or to broaden understandings of how social determinants of health are defined and implemented across different sectors and how they might address different needs. For example, the more commonly shared indicators of unemployment, poverty, or income inequality could be an easy way for practitioners to find common ground. Moving forward, more work needs to be done to share and learn from measurement strategies to advance cross-sector efforts to build healthier communities. We hope that this comprehensive summary of SDOH measurement tools, many of which may be unfamiliar to siloed researchers or practitioners, will provide one step in this direction to continue to speed cross-sectoral collaboration.
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